Introduction: It remains unclear whether marital status could affect the breast can-
| INTRODUCTION
Psychosocial factors are associated with the outcome of cancer patients. It can be said with certainty that cancer patients could obtain better prognosis from some psychosocial factors like coping strategies, emotional support, and social integration. 1, 2 Marriage is one of the most important forms of social relations influencing on cancer patients. Previous studies have demonstrated that marital status could affect the survival outcome of several kinds of cancers, and it might act as an independent prognostic factor for overall survival (OS) in patients with breast cancer. [3] [4] [5] Married patients were considered to have more emotional and financial support, which helps them to be diagnosed at earlier stage and receive proper treatments with better adherence, then finally prolong their overall survival. [6] [7] [8] [9] However, further analysis of marital subgroups was neglected, which might reveal the potential mechanism generating the influence of marital status on prognosis. Breast cancer is the most frequently diagnosed cancer for women worldwide and is also the leading cause of cancer death for female patients in over 100 countries. 10 The incidence of breast cancer in the US population is expected to reach 30%-40% by 2020. 11 As a systemic disease, the formation of breast cancer is due to complex interaction of psychosocial and physiological factors. 12 Recently, the association between marital status and OS has been studied for some cancers. These studies proved that marital status acts as an independent prognostic factor for survival in patients with several cancers including breast cancer, and married patients gain a significant survival benefit compared with unmarried patients. [13] [14] [15] [16] [17] [18] [19] [20] These conclusions suggest us a general relationship between marital status and the survival of breast cancer patients. However, some specific problems still need to be solved. First, most of these studies only took OS into consideration and neglected to investigate cancer-specific survival, including breast cancer-caused special survival (BCSS). Second, majority of their data were based on small samples, restricted by population diversity or limited follow-up time.
Moreover, previous studies neglected to explore the difference among the unmarried groups and whether the effect of marital status on prognosis differs across patients' demographic and pathological subgroups. 15, 17 Among these, age and hormone receptor status (HRs) were reported as two key independent prognostic factors for breast cancer survival. 21 In view of present research station, we conducted this analysis to explore the correlation between marital status and BCSS and whether the association varied by age, race, and HRs. Our study was based on the data provided by Surveillance, Epidemiology, and End Results (SEER) cancer registry program. The SEER database includes population-based data from 18 cancer registries in populationbased catchment areas related to cancer diagnoses, treatment and survival in approximately 30% of the population in the United States from 1973 to 2014. 22 Manual 6th Edition); (g) known surgery situation; and (h) known survival months after diagnosis. We excluded patients for whom the aforementioned data were missing. Marital status at diagnosis was the primary variable of interest, and participants were classified as married, single, and divorced/ separated/widowed (DSW), which were considered as unfavorable marital status. The access to and use of SEER data did not require informed patient consent, and all procedures were performed in accordance with approved guidelines. The Ethics Committee of the Second Affiliated Hospital of Xi'an Jiaotong University approved this study.
| MATERIALS AND METHODS

| Patient selection and data extraction
| Statistical analysis
Descriptive statistics were performed to investigate baseline characteristics of the patient population. Patients' clinical characteristics were compared between different categories of marital status using the Chi-squared test. We evaluated the OS and BCSS rates among different categories of marital status using Kaplan-Meier curves and the log-rank tests. For multivariate analysis, multivariate Cox proportional analyses were used to calculate hazard ratios (HR) and their corresponding 95% confidence intervals (CI), to assess the influence of marital status on overall and cancer-specific survival. We also explored the effect of marital status according to age, race, and HRs using Cox regression analyses and calculated the adjusted hazard ratio (AHR) to assess the survival difference among marital subgroups in special demographic or pathological subgroups. A two-sided P value of less than 0.05 was determined to be statistically significant. All statistical analyses were performed and figures were created using R 3.5.3 software (R Foundation for Statistical Computing, Vienna, Austria).
| RESULTS
| Patients' baseline characteristics
In view of the inclusion criteria, this study included 298 434 patients diagnosed with breast cancer between 2004 and 2012. A flowchart of the study participant selection process was shown in Figure 1 . The 10-year survival rate for the married, single, and DSW participants was 79.9%, 71.1% and 59%, respectively. As shown in Table 1 , there were many more female participants (296 500; 99.4%) than the males (1934; 0.6%), so it was inappropriate to compare clinicopathological characteristics by sex. Among eligible patients, 176 109 (59.0%) were married at diagnosis, 43 262 (14.5%) were single, and 79 063 (26.5%) were DSW. The rate of being married was higher among patients aged 35-70 years, as well as among Asian or Pacific Islanders (API), and this rate decreased with higher tumor stage. Black patients, as well as patients younger than 35 years, showed the highest rate of being single. And not surprisingly, the rate of being DSW was highest among patients aged 70 years or older. Compared with the single or DSW, tumors in the married were more inclined to be at stage 0 or I. There was a less proportion of being dead attributable to breast cancer in the married subgroup as well. In addition, married patients received more surgeries either in the females or males, and the females received more breast-conserving surgery (BCS) ( Table 2 ).
| Effects of marital status on overall survival and cancer-specific survival
Kaplan-Meier curves were generated by marital status to estimate overall and cancer-specific survival of patients with breast cancer. In further log-rank tests, the married subgroup showed significantly (P < 0.001) better OS and BCSS than the unmarried groups, while there was no significant difference of BCSS between the single and the DSW ( Figure  2 ). Considering the possible interaction among variables, we then conducted multivariate Cox regression analysis. It turned out that compared with the DSW, being married and being single were both related to better OS (married: HR 0.6444, 95% CI: 0.6318-0.6573, P < 0.001; single: HR 0.8712, 95% CI: 0.8484-0.8947, P < 0.001) and BCSS (married: HR 0.7483, 95% CI: 0.729-0.7682, P < 0.001; single: HR 0.9096, 95% CI: 0.8796-0.9406, P < 0.001). As for age subgroups, patients aged 70 years or older suffered worse OS (HR 3.3121, 95% CI: 3.2506-3.3748, P < 0.001) and BCSS (HR 1.8478, 95% CI: 1.8005-1.8963, P < 0.001) than patients aged 35-70 years or younger than 35 years, between which there was no remarkable difference of survival observed. Compared with female patients, male experienced worse OS (HR 1.5298, 95% CI: 1.4112-1.6584, P < 0.001) and BCSS (HR 1.2934, 95% CI: 1.1553-1.448, P < 0.001). In different race subgroups, API patients showed better prognosis, while the black showed worse BCSS (using the white as reference; API: BCSS-HR 0.7619, 95% CI: 0.7262-0.7993, P < 0.001; black: BCSS-HR 1.2984, 95% CI: 1.2602-1.3379, P < 0.001). Compared with patients without surgery, better BCSS was observed across those who received BCS (HR 0.3349, 95% CI: 0.322-0.3483, P < 0.001) or other operations F I G U R E 2 Kaplan-Meier Survival curves: The overall (A) and cancer-caused special survival (B) of patients with breast cancer according to marital status (HR 0.4234, 95% CI: 0.4087-0.4386, P < 0.001). In addition, the higher the grade, the worse the prognosis. And similar trends could be found across the stage. Compared with other HRs subgroups, the subgroup of estrogen receptor positive and progesterone receptor positive (ER+/PR+) was associated with better OS and BCSS (Table 3 ).
| Effects of marital status stratified by demographic and pathological subgroups
To further investigate the prognostic effect of marital status on prognosis by different demographic and pathological subgroups, we stratified all cases according to age, Given that the benefit of being single over being DSW varied across some age, race, and HRs subgroups, we conducted analysis to explore whether there were differences of the stage, grade or surgery condition of single patients among these subgroups. As shown in Table 6 and Figure 3 , the proportion of stage 0/I, grade 1 and BCS were obviously lower in the <35 years subgroup, in which the protective effect of being single did not occur. What's more, the white race or patients at the ER+/PR + status showed better stage and grade situation, with more BCS accepted than their counterparts.
T A B L E 1 Baseline clinicopathological characteristics of patients with breast cancer in SEER database
| DISCUSSION
In this study, we confirmed what previous studies had shown that marital status impacted on OS of breast cancer patients and we further studied long term cancer-specific survival of patients. Based on analysis of a large cohort including 298 434 patients and enrolling an integrated range of factors into the multivariate Cox analysis, we found that the benefit of BCSS for being married or single compared with being DSW was consistent with OS, and the association between marital status and BCSS varied by age, race, and HRs. To our knowledge, this is the first study to determine that the effect of marital status on prognosis varies by these demographic and pathological factors, which might reveal the potential mechanism generating this relationship. In further exploration, we found that the variation among these subgroups might be associated with the stage, the grade, and the surgery situation of patients.
A significant difference of OS among three marital subgroups could be observed from the results of 10-year survival rate and Kaplan-Meier curves, while the remarkable benefit of BCSS only occurred between the married and other two subgroups. After eliminating the possible interaction among variables with multivariate analysis, we found that single patients showed better BCSS than their DSW counterparts. This result was contrary to our expectation, since single patients were considered lacking for possible social and emotional support from marriage, as well as lower proportion of being at early stage or grade (Table 2) . We then explored the effect of marital status on prognosis by different demographic and pathological subgroups, such as age, sex, race, and HRs. Difference of effect of marital status was observed among variable subgroups, and the survival benefit of being single occurred only in several subgroups. Meanwhile, the BCSS benefit of being married over being DSW vanished in AN/AI and male patients. These results hinted that the relationship between marital status and prognosis of patients with breast cancer might be associated with some demographic and pathological factors including age, sex, race, and HRs. Given that there were many more female participants than male, we paid our attention to other three factors. In further analysis of the proportion of stage, grade, and surgery situation in different demographic and pathological subgroups, we found that the BCSS benefit mostly occurred in subgroups showing more stage 0/I, lower grade, and better operation situation. The first possible underlying reason why married patients with breast cancer had better prognosis is that married patients generally have greater financial resources, which might support them to undergo earlier physical examination, obtain better insurance coverage, and receive more adjuvant therapy. [23] [24] [25] Compared with unfavorable marital status and possible financial distress of DSW patients, single patients might also benefit from better economic conditions. Second, undertreatment might also contribute to worse prognosis of the DSW. In this study, we observed that married patients with breast cancer received more surgeries than their counterparts, which indicated that worse prognosis in DSW patients can partly be attributed to undertreatment. Third, psychosocial support may contribute to a better prognosis among married patients with breast cancer. It has been well reported that decreased psychosocial support and greater psychological stress were associated with tumor progression and immune dysfunction. It has also been documented that married patients experienced less depression after diagnosis. This might partly be attributable to the fact that married patients can share the burden of negative emotions and receive psychological support from their spouses. [26] [27] [28] [29] [30] [31] [32] [33] In previous studies of breast cancer, it has been confirmed that social support acted as a predictor of natural killer cell activation. 34 Moreover, sex hormone disorder induced by psychological factors is closely related to tumor occurrence and development, 27 which might partly explain why single patients showed better survival than DSW patients, as well as why the BCSS benefit of the single varied across different HRs. We have suspected that single patients with no experience of marriage and childbearing history might suffer worse survival outcome compared with DSW patients, as what was reported that single patients showed an increased risk of breast cancer. 35 However, our results of detailed difference among subgroups of marital status indicated that the protective effect of marriage was time-bound and might be strongly affected by psychological factors. Compared with other counterparts, the worse prognosis of DSW patients might be resulted from negative emotions and worse economic situation due to their unfavorable marital status. In addition, the variation of relationship between marital status and prognosis of patients with breast cancer across race, grade, and HRs indicated that there might be a complicated and comprehensive mechanism underlying, such as genetic factors, hormone levels, function of immune system, psychological factors, social support, and treatment situation. The specific mechanism and its potential clinical practice remain to further research. Subject to restrictions on our own knowledge and research methods, this study has several limitations. The first is the inherent biases present in any retrospective study. Second, some information relating to both marital status and prognosis of patients with breast cancer was unavailable in the SEER database, such as reproductive history, levels of hormone, and subsequent therapy. Therefore, we were unable to clarify the detailed mechanism of the relationship between marital status and prognosis of patients.
Third, marital status was only recorded at diagnosis; details about the duration or quality of the marriage, or any changes in marital status, were not tracked, which might affect the BCSS of patients. Fourth, data of ER and PR status in the SEER database were collected from different local pathology laboratories, which might increase the possibility of bias. Finally, the results of our study are restricted to the United States, as some baseline characteristics such as race, marital status, and surgery history might be different in other countries.
| CONCLUSIONS
Our study demonstrated that married and single patients with breast cancer had better prognosis than their DSW counterparts, which affected by the age, race and HRs. Meanwhile, married patients obtained better survival outcome than single patients. There might be a complicated and comprehensive mechanism underlying the relationship between marital status and prognosis of patients with breast cancer. Further studies should be conducted to clarify the specific influence and mechanism of these factors. According to our research, greater social and psychological support should be provided to DSW patients.
